INTRODUCTION
The DFZ defines the plane of most recent movement associated with an extremely long lived, intensely deformed lineament, the proto-Darling Fault (Wilde et. al., 1996 ) . The proto-Darling Fault is approximately 30km wide (Long, 1996) . It is one of the longest fault zones in the world and has survived various deformational phases. Earliest evidence for movement on this lineament is during the Archean, pre-dating rifting between Australia, Greater India and Antarctica (Wilde et. al., 1996 ) . The surface expression of the fault varies along strike, in the south, the DFZ is characterised by the Darling Range, indicating it has recently been topography forming. In the central and north Perth Basin, topographic expression appears concentrated on subsidiary and splay faults.
Limited seismicity is observed on the DFZ, however to the east of the fault the South-West Seismic Zone (SWSZ) displays periodic clusters of seismic events along lineament which appear to communicate with the DFZ. The Meeberrie earthquake (1944) is one of the three largest intra-plate earthquakes ever recorded instrumentally, magnitude 7.2, and is located on a north-east striking shear zone which also communicates with the DFZ (Everingham, 1968) .
Geophysical investigations into the nature of the DFZ are limited to two BMR surveys conducted in 1989 and 1993, the Moora Seismic traverse and the New Norcia geo-scientific traverse respectively (Middleton et. al., 1993 , Dentith et. al., 1993 , Long, 1996 . Deep reflection seismic data collected at Moora and New Norcia indicate a broad region of poor seismic reflection associated with the footwall of the DFZ. Identified as part of the proto-Darling Fault Zone, this region is interpreted as the fossil remains of subsequent damage zones generated by periodical activity over the faults long history (Blight et. al. 1981 , Dentith et. al., 1994 .
Recent hydrological modelling of the Perth Basin by the Western Australian Geothermal Centre of Excellence (WAGCoE), examined fluid flow in the basin and the implications for geothermal exploration. While some data suggests the DFZ plays an important role in fluid transport in the basin, lack of rigorous investigation and availability of more detailed studies led to assigning no enhanced fluid pathways on the DFZ in the final hydrological model (Reid et. al., 2012) . While unusually deep aquifers, namely the Yarragadee and Lesueur, are intercepted in up to 4 km deep drill-holes little data is available about the fluid structure at greater depths.
Here we map the DFZ using joint geophysical investigations comprising gravity, EM, MT and seismic interpretation. We identify the deep fault zone conductor and we discuss plausible scenarios generating conductivity anomalies.
METHOD AND RESULTS

SUMMARY
The Darling Fault Zone (DFZ) is one of the largest lineaments in the world, mapped over approximately 1000km. It is a long-lived feature with imprints of multiple deformation phases with multiple orientations since the Archean. Although it is still topography forming in some areas, and therefore must have recent activity, its seismic quiescence reduces the perceived need for scientific investigation into the extent and physical properties of this crustal scale fault. Seismic activity is common in the south west of Western Australia and evidence suggests these are located on faults that communicate with the DFZ. It is therefore paramount to have more detailed understanding on the fault architecture and the role of fluids in lubricating aseismic slip.
Magnetotelluric (MT) data are acquired along transects across the Perth Basin and the western margin of the Yilgarn Craton providing deep, high resolution data about the electrical structure of the DFZ. In this contribution we focus on the interpretation of the data, details on the acquisition and analysis are presented in the poster session.
Using impedance tensor analysis and 2D modelling techniques, we map the DFZ to the base of the crust, confirming it as a lithospheric feature. We reveal a complex pattern of deep-seated conductivity associated with the foot wall of the DFZ that persists to depth. Resistivity models are used to estimate porosity on the DFZ, identifying a more complex internal structure for the DFZ than generally considered, with important implications for fluid transport in the basin.
As well as mapping fault planes, geophysical investigation has been shown to provide pertinent information regarding the nature of fault architecture. Gravity and magnetic data are staple geophysical mapping tools, while seismic surveys provide unparalleled resolution of the subsurface. Estimation of physical properties which control fluid movement in rock volumes, specifically porosity and permeability, using these methods are limited to local correlations under specific conditions, rather than universal, empirically proven relationships. Determination of porosity and permeability is difficult as these techniques measure physical properties which, under certain conditions may be proxies for porosity or permeability.
Electrical resistivity is particularly sensitive to low-resistivity phases, such as aqueous fluids, partial melts and metallic compounds within a rock volume (Telford et. al., 1990 , Becken et. al., 2011 . If interconnected, small volumes of fluids can reduce bulk resistivity significantly as electrical conductivity of fluids is orders of magnitude greater than the host rock. MT and TDEM soundings are an ideal tool for deep sounding of both architecture and fluid imprint due to the significant changes in conductivity between fluid phases and comparatively dry host rocks.
MT and TDEM soundings are acquired along two, east-west traverses of the North Perth Basin and western Yilgarn. The New Norcia (NN) traverse follows the 1992 BMR New Norcia geo-scientific traverse (Middleton et. al., 1993) and the Coorow-Greenhead (CGH) traverse follows pre-existing seismic lines from the Booragoon and Dandaragan East Flank reflection seismic survey, and extends onto the western margin of the Yilgarn near the town of Marchagee.
19 MT and TDEM soundings are acquired along the NN traverse, with a maximum station spacing of 2-3km. 90 MT, 36 AMT, 9 long period MT and 60 TDEM soundings are acquired along the CGH traverse. Nominal MT station spacing is 2km however extensive MT and AMT infill are conducted to improve resolution over the DFZ and the Beagle Ridge. Data are acquired using a combination of the Phoenix and AuScope MT systems, non-polarising electrodes and a variety of induction coil types. Power-line noise is the only significant noise source identified which is removed using digital band-pass filtering.
MT response functions are calculated using Chave & Thompson's (2001) Bounded Influence Remote Reference Processing (BIRRP) code, providing response function estimates from 10kHz to 20k sec.
Rotational invariants of the MT response function are analysed using the WALDIM method presented in Marti, et. al., 2009 . Phase tensors analysis and strike are also used to determine dimensionality of these data. Dominant geoelectric strike around the DFZ is found to be approximately 358 o . Using the McNeice and Jones (2001) decomposition technique, data are corrected both for dominant strike and distortion.
One of the first pieces of evidence we have for a fault zone conductor (FZC) associated with the DFZ is observed in Parkinson induction arrows. Under the Parkinson convention, the real part of the induction vector points toward increases in conductivity. At the edge of the basin, we expect to see induction arrows pointing into the basin and toward the coast. Figure 1 illustrates increased conduction observed at the edge of the basin, causing the induction arrows to point east. Decomposed MT responses are inverted using the R. Mackie 2D anisotropic inversions code. 2D inversions both identify a broad, westerly dipping conductor associated with the shallow expression of the DFZ. Figure 2 shows the 2D inversions for the CGH transect. A faulted block, bound between the DFZ and Urella faults, provides a clear contrast between basin and fault zone conductors. In Figure 3 however, the contrast between the very low resistivity of basin sediments and the higher anomaly of the DFZ requires seismic interpretation to delineate onlap of sediments (Middleton et. al., 1993) . The FZC observed on the DFZ has resistvities between 100 and 1000 Ω.m. in both sections. Rocks immediately to the east of the DFZ are characterised by significant increase in resistivity. Basin sediments display very low resistivities through the survey area. Why do we have a FZC associated with the DFZ? Graphitic layers in the fault, mylonitic textures, mineralisation and fluids are all possible explanations for this anomaly. Mineralisation and graphitic layers are both considered unlikely due to the depth over which the FZC is observed and the age of the DFZ. Mylonite and Ultra-Mylonites are observed in parts of the Yilgarn, however none have been identified locally. Middleton et. al., 1993 , identify and zone of poor seismic response associated with the foot-wall of the DFZ. Dentith et. al., (1994) identify a similar zone in the Moora seismic data. This is inferred as the response from the proto-Darling fault and is the result of intensely deformed, fractured rock.
Unworth et. al. (1999 et. al. ( ), Bedrosian et. al. (2004 and Becken et. al. (2011) use MT techniques to examine the San Andreas Fault. Conducting anomalies associated with the fault zone are identified and found to correlate zones of enhanced seismicity. Using a generalised form of Archie's Law, permeability and hence porosity of the fault zone are estimated from bulk resistivities of sections of the San Andreas Fault. Using this technique we estimate porosity on the DFZ to be in the order of 0.5-2% by volume.
To test our hypothesis for a porous fault zone we acquire new, high resolution gravity data along the CGH transect and used existing gravity data for the NN transect. We model various geometries for a more porous wedge associated with the fault conductive anomalies. Using a base density of 2.9 g/cm3 for rock matrix we decrease density for higher porosity values and find porosities of between 10 and 30% are required before a significant change in gravity is observed. This indicates, regional gravity surveys have insufficient resolving power to detect porous zones. One problem with fluid presence on the fault is the depth to which the FZC is observed. Ritter et. al., (2005) identify FZCs down to 15-20km depth. The anomaly we observe on the DFZ appears considerably deeper than these and lacks the obvious seismic activity to maintain permeability pathways at depth. This highlights a second problem, the seismic quiescence of the DFZ. Jiracek et. al. (2007) examines resistivity anomalies associated with large, crustal scale structures, inferred as crustal fluids, discussing the implications for the fault strength for even low volume of fluid. If the conductivity anomalies associated with the DFZ are due to the presence of fluid, the subsequent weakening of the fault would suggest seismic events should be more frequent.
CONCLUSIONS
In this contribution we discuss interpretation from new MT data acquired across the Perth Basin and western margin of the Yilgarn Craton. We observe a robust conductivity anomaly associated with the foot-wall of the large scale, crustal Darling Fault Zone. A strong correlation between the location and geometry of this anomaly and a zone of incoherent seismic reflection is also observed.
We postulate that relatively low volumes of aqueous fluids are present in a complex deformation network, characterised by this poor seismic response, causing decrease in the bulk resistivity. These deep fluids play an important role for the mechanical response of the DFZ. The presence of fluids in these deeper portions would lubricate the fault zone to the degree that it can also accommodate plate tectonic movement in an aseismic manner. The absence of earthquakes on the DFZ proper and the occurrence of seismic activity in the faults, which communicate with the DFZ suggests that these are accommodating slip seismically in response to aseismic creep on the DFZ.
